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ORIGINAL ARTICLE
The incidence of childhood ischemic stroke ranges
from 1.3 to 13 per 100,000 children per year.1,2
Arterial dissection is a recognized, but not a com-
mon cause of arterial ischemic stroke in children.
According to a review by Fullerton et al,3 certain
characteristics in pediatric cerebral arterial dissec-
tion differ from those in adults. There is a male
predominance among children with arterial dis-
section that is not explained by trauma. A greater
frequency of intracranial dissection in anterior
circulation also has been noted in children. In
adult studies, underlying arteriopathy and inher-
ited connective tissue disorders are attributable to
spontaneous dissection.4,5 However, there are few
data about the underlying conditions that can pre-
dispose to spontaneous dissection in children.
This study investigated the clinical spectrum,
associated risk factors, imaging findings, and out-
comes of arterial dissection in children with arte-
rial ischemic stroke in a tertiary medical center.
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Background/Purpose: To describe the clinical characteristics and imaging findings of craniocervical 
dissection in childhood ischemic stroke, in a tertiary medical center.
Methods: In this retrospective study, we investigated children (aged 1 month to 18 years) with symptoms
and radiographic confirmation of ischemic stroke from January 1996 to January 2007. Stroke work-up 
included neuroimaging (magnetic resonance imaging, computed tomography, conventional angiography,
and magnetic resonance angiography), cardiac assessment, prothrombotic assays, immunoassays, infec-
tion screening, and metabolic screening.
Results: Among 95 children with arterial ischemic stroke, arterial dissection was identified as the underlying
risk factor in nine patients (7 boys and 2 girls; age range, 1.9–17.2 years). All the patients had focal neuro-
logical signs and two had warning symptoms. A history of trauma was noted in two patients and another
two had stroke during physical exertion. The other five patients had spontaneous dissection. Six patients
had anterior circulation arterial dissection. Three patients had posterior circulation arterial dissection, and
the most common location was in the vertebral artery. Antiplatelet treatment was given to five patients
and anticoagulants to one. Endovascular treatment was given to one patient with dissecting aneurysm.
One patient died at the acute stage and another seven had neurological deficits after 9 months to 8 years
follow-up. The ninth patient had no residual neurological impairment. No patients had recurrent stroke.
Conclusion: Arterial dissection should be considered in childhood ischemic stroke. Spontaneous arterial
dissection is an important factor in this group. Early investigation and treatment can improve the out-
come. [J Formos Med Assoc 2010;109(2):156–162]
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Materials and Methods
Patients
Children (aged > 1 month and < 18 years) who
had arterial ischemic stroke associated with ar-
terial dissection were eligible for this study. We
searched the medical records database of Chung
Gung Children’s Hospital, Taoyuan, Taiwan from
January 1996 to January 2007. Admissions for
arterial ischemic stroke were identified using 
the following International Classification of Dis-
ease 9th revision codes, in any discharge coding:
433 (occlusion and stenosis of precerebral arter-
ies), 434 (occlusion of cerebral arteries), 436
(acute, but ill-defined cerebrovascular diseases),
and 437 (other and ill-defined cerebrovascular
diseases). Transient ischemic attack, hypoxic–
ischemic encephalopathy, and neonatal stroke
were not included.
There were 95 patients with arterial ischemic
stroke. Imaging studies were reviewed by the pe-
diatric neuroradiologist. Arterial dissection was
diagnosed if the patient met one of the following
criteria: (1) angiographic findings of a double
lumen, intimal flap, pseudoaneurysm, or a “bright
crescent sign” in the arterial wall on axial T1 fat
saturation magnetic resonance imaging (MRI);
(2) sequence of cervical or cranial trauma, or
neck pain, less than 6 weeks before angiographic
findings of segmental arterial narrowing or oc-
clusion located in the cervical arteries; and (3)
angiographic segmental narrowing or occlusion
of the vertebral artery at the level of the C2 
vertebral body, even without known traumatic
history.6
Clinical features and associated risk factors
Basic demographic information was recorded.
Clinical manifestations were classified as warning
symptoms and neurological signs.
Histories of preceding trauma or activity were
also recorded. Trivial trauma was defined as a
blow to the head with no or brief loss of con-
sciousness (< 10 min), a Glasgow Coma Scale
score of 15 on admission to the emergency de-
partment, and no evidence of skull fracture on
physical examination. Major trauma was defined
as fracture of the skull or spine, head injury 
with prolonged loss of consciousness (> 10 min),
new traumatic abnormalities of the brain or
skull on head computed tomography (CT), pen-
etrating trauma, or other significant injury to the
head and neck region.3 Activity-associated dis-
section was defined as neurological symptoms
that began during or soon after physical activity.
Dissection was defined as spontaneous if the 
patient had no history of trauma or physical 
activity.
The diagnostic evaluations included neuroimag-
ing, cardiac assessment (electrocardiography or
echocardiography), prothrombotic assays (com-
plete blood count, clotting profile, lupus anti-
coagulant, protein C, protein S, or antithrombin
III), immunoassays (anticardiolipin antibody, an-
tinuclear antibody, rheumatoid factor, or com-
plement levels), infection screening (blood culture
or cerebrospinal fluid examination), and meta-
bolic screening (blood glucose, lactate, pyruvate,
electrolyte and homocysteine levels, lipid profile,
liver and renal function tests, tandem mass spec-
tromtry, and urine organic acid).
Radiological evaluation
All patients underwent brain CT or MRI with
conventional angiography and/or magnetic reso-
nance angiography (MRA). According to the im-
aging results, dissection was classified as anterior
circulation (anterior and middle cerebral arter-
ies) or posterior circulation (vertebrobasilar ter-
ritory). For anterior circulation, dissection was
considered extracranial if it involved the cervical
(C1) segment of the internal carotid artery, and
intracranial after the internal carotid artery en-
tered the skull, which included petrous (C2),
cavernous (C3), and supraclinoid (C4) segments.
For posterior circulation, dissection was consid-
ered extracranial if it involved the segment of the
vertebral artery from its origin to the occiput,
where it pierced the dura mater at the foramen
magnum, which included extraosseous (V1), prox-
imal foraminal (V2), and distal extraspinal (V3)
segments.
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Treatment and outcomes
Different treatment, including antithrombotic, an-
tiplatelet, or endovascular treatment, was recorded.
Based on the assessment at the last follow-up
visit, the outcome was classified as normal, neu-
rological deficit, or death.
Results
Patients and clinical characteristics
Ninety-five children were identified with arterial
ischemic stroke during the study period; of these,
nine (9.5%) showed a total of 10 arterial dissec-
tions. There were seven boys and two girls, with a
median age of 12.9 years (range, 1.9–17.2 years).
The mean length of hospital stay was 18 ± 10 days
(range, 4–33 days).
Among the nine children with dissection, warn-
ing symptoms were noted in only two before the
appearance of stroke. These symptoms included
headache and neck pain. All the children had
focal neurological signs, and hemiparesis was
the most common focal sign (n = 9). Other focal
neurological signs included facial nerve palsy
(n = 6), aphasia (n = 3), double vision (n = 1), and
ataxia (n = 1). There were four children with con-
sciousness impairment as initial presentation. No
fever or seizure was noted in these children.
History of preceding trauma was noted in two
children: one had major trauma after a motor 
vehicle accident and the other had trivial trauma
after falling down from a water slide.7 Two chil-
dren had stroke on physical exertion. The other
five children had spontaneous arterial dissection
(Table).
Other risk factors
Four patients had other risk factors. Two had hyper-
homocysteinemia, one had atrial septal defect, and
the other was diagnosed with neurofibromatosis
type 1 (NF1). Prothrombotic studies, metabolic,
immunological, and infection screening were 
all negative in these patients. Among the two 
patients with hyperhomocysteinemia, one was
14.6 years old with a fasting total homocysteine
(tHcy) level of 11.7 μmol/L; the other was 17.2
years old with a fasting tHcy level of 12.6 μmol/L.
Both were checked about 1 month after the stroke
episode.
Radiological findings
All patients underwent CT and/or MRI. Ischemic
infarct was noted in all patients. Angiography was
performed in nine patients: one underwent con-
ventional angiography; three underwent MRA;
and five underwent MRA and conventional an-
giography. Seven of these nine patients had in-
farcts on the left side. Anterior circulation arterial
dissection was noted in six patients and posterior
circulation arterial dissection in three. A total of
10 dissections were noted in nine patients, and
one had two dissecting aneurysms in the C1 and
C4 segments of the internal carotid artery. Of the
10 dissections, five were intracranial and five
were extracranial. Vessels involved with dissec-
tion were the internal carotid artery in six pa-
tients, vertebral artery in two, and basilar artery in
one (Figures 1 and 2).
Treatment and outcomes
Among the nine patients with dissections, five
were treated with antiplatelet agents, one with an-
ticoagulation, two with neither of these, and the
patient with two pseudoaneurysms received en-
dovascular treatment with stent and Guglielmi
detachable coils. Two patients with hyperhomo-
cysteinemia were treated with folic acid, vitamin
B6, and cobamamide. After treatment, the tHcy lev-
els decreased to 6.7 and 7 μmol/L, respectively.
The mean follow-up period was 2.4 years
(range, 9 months to 8 years). Neurological out-
come was assessed in these children: one was
normal, seven had neurological deficits, and one
died. The neurological deficits included motor
impairment (n = 7), speech impairment (n = 3),
hearing impairment (n = 1), and ataxia (n = 1).
No hemorrhagic complications were noted in pa-
tients with antiplatelet or anticoagulant treatment.
One patient who underwent endovascular treat-
ment died because of aneurysm rupture and re-
bleeding after embolization.
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No recurrent stroke or dissection was noted in
these nine patients. Follow-up MRA was available
in four patients: two showed complete resolution;
one showed recanalization with stenosis; and
one showed persistent stenosis with thrombosed
aneurysm. The interval from initial to final angiog-
raphy ranged between 3 months and 7 years.
Discussion
In our series, arterial dissection accounted for
9.5% of children with arterial ischemic stroke,
which was a similar frequency to that in previous
studies.3,8,9 A male predominance was also
demonstrated in our study. In adults with arterial
dissection, the localized warning signs, including
headache, neck pain, and partial Horner’s syn-
drome, are often present before cerebral ischemia
occurs.10 No patient had Horner’s syndrome and
only two had headache or neck pain. This was
similar to the findings in a literature review by
Fullerton et al,3 and reflected the difficulty in rec-
ognizing and treating children before cerebral is-
chemia occurs in those with dissection. Among
the ischemic manifestations, hemiparesis was the
most common presentation, but no patient had
seizure as initial presentation in our study. Seizure
was a common presentation in childhood is-
chemic stroke with an incidence of 14–73%.11,12
A B
C D
Figure 1. A 23-month-old girl with neurofibromatosis type 1 and left middle cerebral artery territory infarction second-
ary to spontaneous left internal carotid dissection. (A) Diffusion magnetic resonance imaging revealed cortical hyper-
intensity at the left fronto-temporo-parietal region, which suggested restriction of water diffusion. (B) Magnetic
resonance angiography showed no flow in the left middle cerebral artery and the left internal carotid artery. (C and D)
Magnetic resonance angiography showed peripheral T1 hyperintensity of the left petrous and cavernous left internal
carotid artery (arrow).
In previous studies, the frequency of seizure in pe-
diatric dissection was 12.5–25%.8,9 Further stud-
ies may be needed to explore the reason for this
disparity.
The risk factors for craniocervical dissection
include head/neck trauma, fibromuscular dyspla-
sia, infection, hyperhomocysteinemia and con-
nective tissue disorders such as Ehlers–Danlos
syndrome type IV, Marfan’s syndrome, autoso-
mal dominant polycystic kidney disease, and os-
teogenesis imperfecta type I.4,10,13,14 In our study,
only two patients had a history of trauma. Among
the other seven patients, hyperhomocysteinemia
was noted in two, and one was diagnosed with
NF1. Hyperhomocysteinemia is considered as an
independent risk factor for adults with craniocer-
vical dissection, both spontaneous and associated
with cervical manipulation.15–17 Homocysteine is
considered to be toxic to vascular endothelium,
through inflammatory changes, oxidative stress,
and endoplasmic reticulum stress.18 Besides, hy-
perhomocysteinemia has been shown to produce
a decrease in the elastin content of arterial walls,
mediated by the activation of metalloproteinases
and serine elastases, which results in fragmenta-
tion of elastic fibers and degradation of the adja-
cent extracellular matrix.19 Thus, homocysteine
might have a direct influence on the elastic layers
of the arterial wall, which predisposes to or results
in spontaneous cervical artery dissection. Whether
similar pathology exists in children is unknown.
However, hyperhomocysteinemia has not been
mentioned as a risk factor for pediatric craniocer-
vical dissection in previous studies. A complete
study for each patient with dissection might be
needed to explore other associated risk factors.
NF1 is associated with vasculopathy, but is
often under-recognized. A variety of vascular le-
sions have been noted in patients with NF1, in-
cluding moyamoya syndrome, stenosis, fistula,
aneurysm, pseudoaneurysm, and ectasia.20,21 In
our study, one patient with NF1 presented with
right hemiparesis and facial nerve palsy, and left
internal carotid dissection in the petrous segment
was noted. Spontaneous aortic dissection has been
reported in adults with NF1,22 but no intracra-
nial dissection has been reported in children with
NF1. The mechanism is likely related to neurofi-
bromin, which helps maintain the integrity of the
endothelial cell layer.23
The treatment of craniocervical dissection re-
mains a controversial issue. According to previous
studies in adults, thromboembolism is the es-
sential stroke mechanism in cervical arterial dis-
section, and anticoagulation therapy is suggested
for 3–6 months.24 However, no prospective ran-
domized study has been performed. Some authors
have suggested supportive or antiplatelet therapy
in stroke that follows intracranial dissection, be-
cause of the risk of intracranial bleeding, and a
hemodynamic mechanism is suspected.8,10 In our
study, the majority of patients (55.5%) received
antiplatelet treatment. No recurrence was noted
in our study and only one patient died because
of dissecting aneurysm rupture. However, the ma-
jority had neurological deficits and only one had
complete recovery. The clinical outcome seems
worse compared with other studies,3,9 and this
might be because of our small case series and
short duration of follow-up.
The evolution of dissection has been described
in adult studies. Most stenoses resolved and oc-
clusions are recanalized, which occurs within the
first 2–3 months after dissection.10 There have
Arterial dissection and childhood ischemic stroke
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Figure 2. Angiography revealed a 15-year-old boy with 
a dissecting aneurysm of the right ICA (distal cervical 
segment, arrow) that comprised arterial narrowing and 
a large aneurysm of the right ICA (ophthalmic segment, 
arrowhead).
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been fewer studies in children, but the results 
are similar.8,9 In our study, only half of the chil-
dren had follow-up angiography and the ma-
jority (75%) were in resolution. A long-term
clinical and angiographic follow-up is needed in
future studies.
In conclusion, arterial dissection should be
considered in any child with ischemic stroke,
and spontaneous artery dissection is important
in this group. Further stroke studies should be
arranged to investigate other risk factors. The
treatment, long-term clinical outcome, and an-
giography should be studied further.
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